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ABSTRACT

RF systems for firing the MARK 2 MOD 0 ignition element and
the MARK 1 MOD 0 squib are discussed. Emphasis is placed on theoretical
means for matching at 5 and 30 megacycles. Some specific details of
practical systems are given.

The adaption of the MARK 2 firing mount to acconnodate the
MAkRK 1 squib is described. A unique adjustable shorted stub, developed
in our laboratory, was completed and utilized for firing at 250 mega-
cycles.

A method for the determination of system loss factor is briefly
presented. The systems for firing the MARK 1 squib and the MARK 2 ignition
element were calibrated to obtain these losses at frequencies of 5, 30,
and 250 megacycles.

Bruceton tests were conducted with both the squib and ignition
element at 5, 30, and 250 megacycles.
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1. INTRODUCTION

The Franklin Institute, under contract with the Naval Weapons

Laboratory, has been engaged in a program of precision RF sensitivity

studies of the MARK 1 MOD 0 squib and the MARK 2 MOD 0 ignition element.

The sensitivity levels are to be determined with an error of less than 5%.

The present phase of the program is to fire the squib and ignition element,

using Bruceton tests, and knowing accurately the system loss factor. If

no other factors are involved, application of the system loss factor to

the mean firing level will yield the RF sensitivity of the device in terms

of power delivered to its input leads.

In the early phases of the program, considerable effort was

directed toward evaluation of losses in various matching devices. These

losses were investigated over a frequency range of 250 to 500 megacycles.

Experimental tests were supplemented with theoretical studies of impedance

matching which led to the conclusion that large system losses are inevitable

when matching into loads having a small resistive component. Large reactive

components in the load will also produce large system losses. On the basis

of unavoidablq system losses of 50 per cent or more, we proceeded to assemble

and test a practical system for firing the MARK 2 MOD 0 ignition element

at 250 megacycles.

Calibrated RF thermocouples were used in the first attempts to

evaluate system losses. These thermocouples were useful for comparing the

relative losses of different matching systems; we realized, however, that

a better way to determine absolute system loss would involve determination

of the RF power actually reaching the bridgewire of the ignition element

or squib under test. This has been done by means of infrared detectors

and photoconductive cells mounted above the bridgewire of the ignition

element.

-- i-



THE FRANKLIN INSTITUTE . Laboratories for Research and Development

Q-B1805-4

The system loss evaluation technique described above has one in-

herent source of error, in that the losses in the base of the ignition

element are included in the loss factor obtained. Base losses, if present,

should not be included in the loss factor.

Several experiments were made to determine the loss in the base

of the MARK 2 MOD 0 ignition element at 250 megacycles. No numerical values

for the losses were obtained since they were too small to measure.

All of the previously mentioned work was performed prior to the

present quarterly report period. During the present period, we fired the

MARK 2 MOD 0 ignition element in precision Bruceton tests at additional

frequencies of 5 and 30 megacycles. Evaluation of the MARK 1 MOD 0 squib

was then initiated. Eruceton tests were fired with this itemn at frequencies

of 5, 30, and 250 megacycles.

2. RF FIRIMG SYSTlihS FOR LARK 2 MOD 0 IA:I1TIOI; ELýz2:T AI,1D
MARK 1 MOD 0 S•UIB

Contributor; John PFo Warren

A block diagram of the basic firing system is shown in Figure 2-1.

Manufacturer and model number have not been indicated for some of the com-

ponents, since they varied according to the test frequencies used.

The RF generator is isolated from the firing system by a 10 db

pad. A coaxial relay admits the RF power into the firing system when the

firing switch is closed. A 50-ohm 5-watt dunmmy load terminates the

system properly when the relay is in the off position. A second 10 db

pad reduces the power to a safe level to prevent initiation of the EED

during the matching procedure. This pad is removed from the system after

each matching routine.

-2-
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F/CG2-1 BLOCK0 DIAGRAM OF BASIC FIRING SYSTEM

The directional coupler serves a dual purpose. It provides an

indication of impedance match when the output from its reflected power

port is minimum, and the output of the incident power port provides a

start signal for the chronograph used to measure functioning time. A

flash detector produces an outtut signal when the EED ignites, which

stops the interval timer.

2.1 5 and 30 1'egacycle Systems

Distributed constant matching systems, which are used at 250

megacycles, are not practical at 5 and 30 megacycle because of the length

necessary. In this low frequency range, lumped constant networks con-

sisting of inductors and capacitors are used. The principles involved

can be found by reference to any standard text on circuit theory.

At frequencies of 5 and 30 megacycles, our impedance measure-

ments show that we may assume that the real part of the impedance of the

- 3 -



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1805-4

NARK 2 ignition element corresponds to the dc resistance of the bridge-

wire. The bridgewire which is nominaly 0.1 ohms when cold is about

0.14 ohms when heated to a dull red.

Figure 2-2 is a theoretical circuit for matching a MARK 2

ignition element to a 50-ohm line. The values of reactance required

for matching were obtained by substitution in equations (2-1) and (2-2).

X2 Zo a - Ra (2-1)

Z R
i o a

A 2  (2-2)

These equations yield almost equal values of 2.65 and 2.64 ohms for

and X2 . At 5 megacycles, a cafacitor of 0.C12 microfarads and an inductor

of 0.082 nicrohenries are required for the calculated reactances of 2.65

ohms. At 30 megacycles, the comjonent values are 0.002 m.icrofarads and

0.0136 microhenries.

The equations fro, which we calculat•d '1 and X assume that
'1 2

the load has no rcactance. The load in Figure 2-2 is therefore denoted

TRANSMISSION LINE0 AjX=2"26403

Zo = 50f, 5_

j JX Ra + JO

xl= 2.65 (0.14(l)

FIG. 2-2. THEORETICAL CIRCUIT FOR MATCHING" MK2

IGNI TION ELEMENT AT LOW FREOUENCIES

-4 -
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as Ra + jo which in the case of the MARK 2 element is approximately 0.14

ohms. The net reactance of the load will modify the calculated value of

X2, however, this will not be considered here since the exact value of

X2 will be obtained empirically in actual practice.

Similar calculations may be made to determine the theoretical

values of components required for matching the MARK 1 MOD 0 squib at 5

and 30 megacycles. The nominal dc resistance of the squib bridge wire

is 1 ohm (cold) and about 1.4 ohms when heated to a dull red. The cal-

culated values for X1 and X2 are 8.49 and 8.24 ohms respectively. At

5 megacycles,these reactances may be obtained with a capacitor of 0.00375

mlc-ofarads and an inductor of 0.262 microhenries. At 30 megacycles,

these values become 0.000625 microfarads and 0.0436 microhenries.

The matching networks used in the firing of the squib and

ignition elements were simple combinations of inductive and capacitive

elements mounted in an aluminum box as shown in Figure 2-3. Here can be

seen a variable 1000-picofarad tuning capacitor, a fixed shunt capacitor,

and a series tuning inductor. The fixed capacitor and the series inductor

are removable so that other values may be substituted according to the

frequency and the impedance of the item under test.

It would ordinarily be assumed that both the series inductor

and the shunt capacitor would have to be variable in order to allow for

the normal variation in resistance and reactance of the EED being tested.

However, it was found that the MARK 1 MOD 0 squibs and the MARK 2 MOD 0

ignition elements were so uniform in their electrical characteristics that

a fixed inductance and capacitance in combination with a single variable

capacitor was enough to produce an acceptable match for any item in a

group under test.

Figure 2-4 represents a typical firing system for the Bruceton

tests at 5 and 30 megacycles. The values of the components in the match-

ing network were, of course, changed according to the frequency and the

item being tested.

-5.
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2.2 250 Megacycle System for the MARK 1 MOD 0 Squib

The matching system for the MARK 2 MOD 0 ignition element at

250 megacycles was described in the previous quarterly report, Q-B1805-3,

in Section 3. The system for evaluating the MARK 1 MOD 0 squib is identical

except that an adjustable shorted line was available in place of the fixed

short used in the previous test.

Although the resistance of the squib bridgewire is 10 times as

large as that of the ignition element, physical lengths of the coaxial

tuning elements were approximately the same. The adjustable shorted line

developed in our laboratory was employed for matching.

Figure 2-5 is a close-up view of the impedance matching components

for the MARK 1 squib at 250 megacycles. Figure 2-6 shows the entire firing

system including the matching elements. Details of the shorted stub will

be given in Section 2.4.

2.3 Adaption of the MARK 2 MOD 0 Ignition Element Firing Mount to Accommodate
the MARK 1 MOD 0 Squib

The firing mount designed for the MARK 2 MOD 0 ignition element

proved satisfactory. Therefore, rather than design a new mount, a series

of adaptor parts were made to accommodate the MARK 1 squib in the same

mount. Figure 2-7 is a view of the firing mount and photocell housing as

adapted for the squib. The changes are not very easily seen in this picture.

Figure 2-8 shows the actual parts which were made to accommodate

the squib. The leads of the squib must be precut to exact length and shaped

before installation in the mount. This is done dith a special holding and

stripping device, not shown. A precut and dressed squib is in the fore-

ground of the picture, which also shows another squib mounted in the center

conductor. A hex-socket head screw is turned to fasten one of the leads

in the center conductor. A slot is provided in the collet to force the

ground lead against the bottom edge of the outer case of the squib. The

- 7 -
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collet-closer brings the collet into intimate contact with the bottom cir-

cumference of the squib case. The screw that tightens the center conductor

is reached by a special wrench inserted through a hole in the main body

of the mount.

2ý4 A Novel Adjustable Shorted Stub

Contributor: R, R. Raksnis

We have developed a novel adjustable shorted stub for use with

50-ohm coaxial air lines. Commercially available devices of this character

are limited in respect to the minimum length of adjustment for the shorted

stub. Shorted stub lengths of one centimeter or less are desirable for

matching the MARK 2 MOD 0 ignition element. Otherwise, an additional

half-wavelength of air line must be included in the stub length. This

half wavelength of line has been shown experimentally to contribute an

additional 25 percent to the total losses in a system for matching the

MARK 2 element at 250 megacycles.

The novelty of our shorted stub lies first in the fact that

it may be adjusted to a length approaching zero and second in the un-

usual arrangement of collets which provide the actual short circuiting

conductance across the line. A third feature is the provision of an

external knob which allows the collets to be positively locked in any

desired position, A micrometer adjustment for fine positioning is also

included.

Figure 2-9 is a view of the adjustable shorted stub, partially

disassembled to expose some of the inner constructional details. The

instrument consists basically of a 70 cm length of coaxial air line

(outer and inner conductor) and an assembly containing the shorting slug

which is inserted within the coaxial line. The 70 cm line is so con-

structed that it may be attached to the junction port of a coaxial tee

fitting in such a way as to form a smooth continuation of the outer and

inner conductors of the tee.

- 10 -
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COLLET

TIGHTENING

MECHANISM

OTR

CODCOR FINE POSITION

ADJUSTMENT

"TEE "

CONNECTOR

FIG 2-9 ADJUSTABLE SHORTED STUB- DISASSEMBLED

The shorting slug consists of two concentric silver plated

collets. The outer collet has an internal taper which is a mating fit

with the external taper of the inner collet. ihen the inner collet is

drawn up into and flush with the outer collet, the locking action forces

the contacting fingers against both the inner and outer conductor. The

intimate contact between the tapered surfaces of the collets combines

with finger spreading collet action to create a plane of high conductance

across the line at the junction of the coaxial tee. Figure 2-10 is a

close-up view of the collets in the condition just described.

Figure 2-11 is a view of the completely assembled shorted stub

with a section of adjustable air line attached for matching the MARK 1

MOD 0 squib at 250 megacycles. A longer adjustable line is shown just

below the main assembly. The short adjustable line at the bottom of

the figure will be used for matching the squib and ignition element at

1000 megacycles and above.

- ii -
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OUTER COLLET
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FIG 2-10, CLOSE-UP OF COLLETS FOR ADJUSTABLE SHORT

3. DETERPDIfATION OF ISYST•': LOGS FACTOR

Contributor: John F. .arren

We have standardized the method which will be used for system

loss evaluation up to and including 1000 megacycles; see Figure 3-1 for

block diagram. The principles involved are described in previous reports

and will not be repeated here. However, one feature of the established

technique not used or described in previous reports will be briefly

discussed.

4,hen adjusting for impedance match, the power is always reduced

to not over 10% of the firing levels. This means that matching takes

place when the item is cold. The dc resistance of bridge wires made

from 90% platinum - 10% iridium, increases approximately 40 percent

when the temperature of the wire is raised from ambient (200C) to a

dull red heat. We therefore reasoned that it would be advisable to

lower the power by a factor of ten, by the use of an attenuating pad

,.;hen matching for system loss evaluation. However, preliminary tests

- 12 -
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FIG 3-1 BLOCK DIAGRAM OF TYPICAL SETUP FOR SYSTEAM LOSS EVALUATION

showed little difference in results whether the pad was used or not.

The pad was used for the firing system evaluations made during the

present period.

The MARK 2 MOD 0 and the MARK 1 MOD 0 systems were evaluated

for losses at 5 and 30 megacycles. Data resulting from these tests is

given in the Appendix, Tables A-i to A-5. Average loss factors are

given in Table 3-1 for all of the items tested on this program to date.

-14-
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Table 3-1

SYSTEM LOSS FACTOR

System Loss
Frequency Factor Efficiency

Device (je) (Average) (Percent)

MARK 1 MOD 0 5 M- 0.94791 94.79%
MARK 1 MOD 0 30 Mc , 7L770 71.77%
MARK 1 MOD 0 250 Me 0.80997 80.99%

MARK 2 MOD 0 5 Mc 0,69620 69.62%
MARK 2 MOD 0 30 MC O42258 42.26%
MARK 2 MOD 0 250 Mc 0,412lO 41o21%

4. BRUCETON SENSITIVITY TESTS

Contributor: John P, Warren

The RF sensitivity of the MARK 2 I-OD 0 ignition at 250 Mc was

established by means of a Bruceton test of 100 elements during the previous

report period. Additional tests on the MLAýRK 2 were made at 5 and 30

megacycles during the present period.

The Bruceton tests were continued and 100 firings were completed

for the MARK 1 MOD 0 squib at 5, 30, and 250 megaýuycleso The Bruceton

analysis sheets for all of the test5 are given in the Appendix, Tablas B-1 to

B-12.

The system input power for the 50-peroent fire level was derived

from these Bruceton tests and then multiplied by the system loss fa&tors

obtained in Section 3. This gave the power input to the bridge wii-e if

no losses in the base of the items are present. However, no tests for

base loss have been made on the MARK 1 MOD 0 squib, and figures for the

actual sensitivity are reserved until a later date.

- 15 -
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Table 4-1 is a summary of pertinent data obtained to date. It

will be noted that the calculated powers to the bridge wire of the MARK

1 MOD 0 squib have a spread of less than 2% over the range of 5 to 250 Mc.

The spread for the MARK 2 MOD 0 element is around 8%. This spread is

higher than expected. This may be attributable to the fact that ignition

elements for the 30 Mc test were taken from a different lot. This was

discovered when an inventory disclosed that we had not fired as many itmes

from the new lot as we thought.

The average sensitivity of the IMRK 1 squib for 5, 30, and 250

megacycles is 0.091 watts at the input of the bridge wire, The average

sensitivity of the MARK 2 MOD 0 element, over the same frequency range,

is 0.893 watts. It is interesting to note that the MARK 1 squib is

approximately ten times as sensitive as the MARK 2 element. The sen-

sitivities of the two devices are in approximate ratio with their dc

bridge wire resistances. (0.1 ohm - LARK 2 - 1.0 ohm YMARK 1).

Table, 4-1

INPUT POWElR TO BRIDGE WIRE

System
Input
Power Calculated

For 50% System Input To
Fire Loss Bridge Wire

Frpq. F1 Factor PB J 1 X F

Device jat) F (Watts)

MARK 1 MOD 0 5 0.096556 0.94791 0.09153 average =
MARK 1 LOD 0 30 0.12504 0.71770 0°08974 a09105
MARK 1 MOD 0 250 0.11343 0.80997 0.09187

MARK 2 MOD 0 5 1.2260 0.69620 0.85354 ) average =
MARK 2 MOD 0 30 2.2051 0.42258 0.93183* 0.89278
MARKK 2 MOD 0 250 2.1650 0.41210 0.89219

* The items used in this test are believed to have been
taken from a different lot from those used for the
other tests.

- 16 -
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5, CONCLUSIONS AND FUTURE PLANS

With the completion of Bruceton tests at 5, 30, and 250 mega-

cycles, we are in a position to draw lnmited conclusions regarding the

sensitivity of the MARK 2 ignition element. The loss in the base of

this item is considered to be neglig Dle at frequen-ies of 250 megacycles

and below, Therefore, the figure obtained for sensitivity at the bridge

wire is the sensitivity at the base -f the item, The average sensitivity

of the MARK 2 element over the range of 5, 30, and 250 megacycles is, then,

0,893 watts, This figure should correspond very closely with the dc

firing level,

Bruceton tests have also been -omplcted for the MARK 1 MOD 0

squib at 5, 30, and 250 megacycles, However, no tests for determination

of the loss in the base have been made. Tf we assume that the loss in

the base of the squib is negligible in this case, also we may quote a

tentative figure of 0,0910 watts for tht' sensitivity of the item, We do

not have figures for the equivalent dc sensitivity of this item, but

we would assume it to be very close to the RF vaiuc of 0.0905 watts.

'&hile a considerable part of the original aims of the program

have been accomplished. several complications arose during the study

which were not fully expected. Ac a result the funds and original time

allotted have been used up. It should be understood, however, that these

complications have not been just lost ground, but have in nearly every

case further extended the present state of knowledge in this field.

These complications can be divided into two major categories; RF power

detection at the base of the EED and impedance matching,

With regard to power detection, it was indicated from the

preliminary studies that vacuum thermocouples of varying resistances could

be used to obtain a calibration of the system losses as a function of

terminating resistance. However, while this still remains a possibility,

it was found that the thermocouples when mounted represented impedances

- 17
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that were so different from the actual EED's that it was decided to go to

a different system. The system now in use for the lower frequencies con-

sists of an infrared detector which detects the energy dissipated in the

bridge wire. This system works very well at the lower frequencies, but

is valid only so long as the RF energy is dissipated only in the bridge

wire and there is no direct RF interaction with the detector. Both of

these points are questionable at high frequencies.

The more direct and most useful approach to this problem is

to measure the impedance and the voltage at the base of the plug and to

determine the power directly at this point. As the wavelength becomes

shorter this is more and more difficult to do, but during this study

equations and techniques have been worked out which should make these

measurements possible.

With regard to matching techniques, great strides have been

made. It was determined during this study that system losses are almost

entirely a function of the degree of mismatch between the generating

system and the termination and the physical length of the system from

the matching device to the EED. For the tremendous mismatches which

normally occur between a typical 50 ohm system and an EED these losses

can become quite large; so large in fact, that situations can occur which

make it impossible or extremely difficult to obtain a match. The

development of theory with supporting equations indicated that present

commercially available matching systems were not adequate and indicated

the necessary direction in which to go to develop more effective match-

ing devices. These devices have subsequently been developed and proven

in use. This then brings us to the present status of the contract. At

this time the following items have been accomplished.

a) Development of firing instrumentation for all six frequencies
(5, 30, 250, 1,000, 3,000, and 10,000 Mc).

b) Development of system loss calibration techniques for 5, 30,
and 250 Mc and actual calibration of these firing systems.

- 18 -
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c) Development of refined matching systems for "5, 30, 250, and 1,000
Mc. The 3,000 and 10,000 Mc systems will use waveguide rather
than coaxial lines and the techniques are worked out.

d) Evolution of theory and equations for system losses as a function
of terminating impedance for any system. These equations should
be of considerable value in the future when they are completely
established.

e) Completed firing tests for both the MARK 1 MOD 0 squib and the
MARK 2 MOD 0 ignition element at 5, 30, and 250 Mc. These
tests have been very successful.

f) Attenuation and impedance measurements of the EED's at 5, 30,
and 250 Mc.

These following tasks remain to be done.

a) Final refinement of firing systems at 1,000, 3,000, and 10,000
Mc.

b) Final development of the power detection system at 1,000, 3,000,
and 10,000 Mc. This is done when the systems are set up and
ready to go in final form.

c) Attenuation and impedance measurements at 1,000, 3,000, and
10,000 Mc.

d) Calibration of systems losses at 1,000 3,000 and 10,000 Mc.

e) Firing tests at 1,000, 3,000, and 10,000 Mc.

There is also the possibility that a constant current firing test

on the MARK 1 MOD 0 will be required if this information does not already

exist. Because testing at three of the six frequencies remains to be done

it might appear that the remaining tasks represent half of the project;

this is not so since the solution of problems that came up in the early

studies will greatly simplify the remaining tasks. Many of the problems

that arose, where not completely unexpected, were of greater number and

complexity than originally estimated. On the other hand the solution of

these problems has yielded knowledge and techniques beyond the original

scope of the contract and this knowledge will be of considerable future

- 19 -
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value. Furthermore, the sensitivity information obtained so far is of

immediate value and also applicable to future studies of RF sensitivity

to pulsed power. On the above bases we are requesting that the present

contract be extended four months with additional funds.

Paul F. Mohrbach
Project Engineer

Approved by:

Y-'•. E. Hannum, Ylgr. Francis L. Jacks
Applied Physics Laboratory Director of Laboratories
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APPENDIX A

Table A-I Efficiency of RF Matching System and Firing Mount for MAPR 2
MOD 0 Ignition Element at 5 Megacycyles

Table A-2 Efficiency of RF Matching System and Firing Mount for MARK 2
MOD 0 Ignition Element at 30 Megacycles

Table A-3 Efficiency of RF Matching System and Firing Mount for MARK 1
MOD 0 Squib at 5 Megacycles

Table A-4 Efficiency of RF Matching System and Firing Mount for MIARK 1
MOD 0 Squib at 30 Megacycles

Table A-5 Efficiency of RF Matching System and Firing Mount for MARK 1
MOD 0 Squib at 250 Megacycles
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APPENDIX B

B-I Bruceton Test MARK I MOD 0 Squib 5 Mc

B-2 Bruceton Test MARK I MOD 0 Squib 30 Mc

B-3 Bruceton Test MARK I MOD 0 Squib 250 Mc

B-4 Bruceton Test MARK II MOD 0 Squib 5 Mc

B-5 Bruceton Test MARK II MOD 0 Squib 30 Mc

B



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

B-1 BRUCETON TEST MK 1 MOD 0 SOUIB 5 11C Q-BleO5-4

Functioning Levels (Q) Functionin Levels (t)
0

_ 
, I,- 

,-/

z a ..- " , m 5

•! • _- _ '_... 5 9

T) ,, \ 
0

3 ; D ME., ' 4 2 . wz

fR 1 L '4 
64

_.. .. . ._ _._. _ _ _ . _, ___._ ___• 2 _ ,, ._• 6 5 i • ; Z •
0_ - - - . ,

6 .. .... .L__ a_ _ ->I 6. 565 5

S. . _.. . ..-.. , _"_. .d .- ,/, o'7 6

-. . . . _. . . _ • • _ ..7,J 6 . _ _ __X_ - ./ • / 6 9

r .. , , "_ _ __30 '

, - __ _ _ _ __ _ _ _ __•I2 7i•__K•
__-- 

/,/23 - 7

o- - - •- ii-, -t

-, 2 - 1,••"

I I - _ I 142 1____9__0 _'1 _ 1__60
1 1 1 - I, I•9

S- , 1

-~t p/•- 
,32:

~ d.•24 f),!23 _oo!

_ _7 -' ._ Y, _ -5I'
17 6- 115J

- - -a-, 4- 3 tff 6-8 1~4

fj0 0 0i

-___./4 -4 B - &

_ _~ 32

.2 _ - Pqý -, 7-

-~~~~ b -ý C,__ _ _Xi I~ Z ~ Z__
Bi4) 2



THE FRANKLIN INSTITUTE . Laboratories for Research and Development

Q-B18O5-4

0 n Probability Confidencei2 o • (A • Levels Level

0 0 0 P% 9 "q X, 3

I I i • fI. • lO-P%

4 16 .0 k- /?)o/
5 25 0' A o1• 7 --

6 136 2 _ _ _ _

I d

Totals: N -O N.=.: N I ___'__ ___,__
N. 10-iL H2  Ž.~

Special Parameters 0. 2

S= (log *)o = /' S _?/ E

d = (log ' ÷ (log 16-3 (D n E when N is ev__n inteper

Prinary Statistics N÷I
0 n in - when N is odd integer

A-=sYin2

F = i 2 n " •From BP*, p. 19, at given P or X

B -A2 ) N2 (ý)From -nP* for G & H versus 3.

1.•62 d (W + 0. 020) Use Graphs III & TV.
S2 I2I 02.-' Then 3 > .5, and Graph V

Ise + for "o'%1 - for *x's- "- ,,hen < .5

"%'alid for M ) 0 3 only. otherwise con-

sult 'Bruceton Report' (AMP Report No.

101 111 "Statistical knalysis for A New Confidence interval (Y)
Pr...dure in Sensitivity Fxperiments" 1/2

.July. 1Q44) File No. Ma-1 Y ki /

For "o'os. For "x's' ....

A --- --
--

S: _ /"Final Calculations

, / •A Z_ 7 -' - (•~ ) (2~ Conf) - mrk a + y

Sk,-,!..•6, 7log units
Secondary Statistics 

u
N O m . + N . m . '

"0 +N , 9 7,' . . (._) (.% Con) - m-k a - Y

N- A k111 , -. , ,/ og units

- Antilog m -. Qf6" A W ~ la-

DOATE 1 0 -166 INITIALS jPAGE NO.

B2



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-BI805-4
B-2 BRUCETON Ti!ZT E;K 1 1.,OD 0 (LUIlS 30 1.C

Functioninq Levels () - - Functioninl Levels (t•)

0.- z z
z z

46 q "1-- N% _ __ _ I-1

4 S * SeCSsecs-

------ 9,___ _ -_ --- - -- - --x 01 1/ , •9
- -~ 2 _•_.. .. Ic - - [,-53

'4 ! X , ! X/o ._2 A. .R .- 5, 4

5ii . ... ... ..2L- - . _,__, /,07 552

._ _ ._ _ ._- .i.,1.• ____,___"., _ 9 7_

z X _7 I~,

-2__ -l "-C i X16

-7-

./_ - ,-oL •,'2:"O - 65 •,"

- - /,,6/ 68

S., Y •y .1,,C ._ X, I--- 90 41OP

- - -4- -- .- 6 9

<p -~'-T-- •,'q$.< .. g• 7__ ___• __ __:_____. __•

+ _ 9 / , . "/. . _ 6 8- -

S- _ _- _ _ _- ,1

--- -__ _-/' - 1., 9s5

A- 76

* ..3161 -

S- 099 3 3

3 4 _ 84

__ -X_~-- ; , 4 8
- /, /87---

10 1 o : - -IO 88

;rOI - * -
I4 86 4 t- -K 99

4 009

IN - '1 94;

19 V -j4ý 97

*no= _______

LE___I________ 0 : .0



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1805-4

il n n Probability Confidence
_ i 1o n ,- 6 Levels Level

0 0 JŽL V P%- xas 9InQ

1 1
2 I Id 4

3 ~T 9 Mm~LI2~ k (2)~

6 36~ 2

Totals: No .d,9 N,, / N - _ _ H(- /

Special Parameters <Z n© = • H 2

C = HOF) = ? 0 / 4 -3 -

d = (lop , " (log ) C 3 • n = N when N is even interer
0 2

Primary Statist ics N+1
Anin -n - when N is odd inteperA - in . . .-

Si 2 n Q ( ?From BF*, p. 19, at given P or X

V N P-A2 ) N2
SNFrom ?*. for G & H versus S.

1. ""( 0 2) Use Graphs III & IV.

o -,- , :'When 3 > .5, and Graph V

"I for *o's;" - for "x's" t :.nen 3 < .5
"Valid for M >* 0 3 only, otherwise con- ,

suit 'Bruceton Report' (AMP Report No.

101 JR. "Statistical Analysis for A New Confidence Interval (Y)

Procedure in Siensitivitv Fxperiment"" (L2 + H 2kp21/2

.July. 1944) File No kla-i k (n+1.2) 1) fl.

For "o's" For "x's" 
x

A
'0 LU c

_=_____ _'- - •-- Final Calculations

Conf mIk a + Y

•q= • ~Zlog units

Secondary Statistics 
i 

ui

No + N. 4,.0 9 70 f(%) (?. Conf) -m-kp- Y

N-ý +N 9 5.6 971 og units

0 0T

N *N. , 'J 7 0z M

S=zAntilog m. ,,/•,.639AJA77' w 0 39 W rS

1OAT E /0~~ INITIALS jPAGE NO.

B4



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-BIO5-4
R-11 BRUCETON TTST IK1 1 1.00 U ý,..UIB 250 -:cC

"Functioninq Levels (Q) -Functioning Levels (C).w

j I .. ,

__ flT /,'-- ,_-•/ i- 84

NC i #', Q__ _ . -°4i -- ý ,, .

, I ,,L. .9'' % q so

_._. _• • • f,._.••. _ A ,,,

x . . - .. ' ;.96 - I/,2A 5

. -i , 3 . ,!i. 3'

A- I . ,9X•

X 67

- • -- /, r6

.0. . . . . - . ' : -- -• - , 1¢ , ,

-.. . ..• . . ...... ._-__,______'___-- - --... . . .... _-__-__

S.. . . :: :. .. ,c '.,•. :• . ¢ <,:•

_ _ 7_/7/cO 7 _________
7 1,0 1 .3 c

-- _ -÷/;/÷2 A
'____ 0 ' 7 0, 83

--I -I i i , : ,o,.,, • r ---, ----- I - 85, ,

*i0 " ' - 1 j)L•,9,.3 6 _V 1  •L, ',. • 86

__H 3 _

- 0 ! -/,ioi,! • 94;, ,
_ _ _0/ 22,/ ,-- I

,,7 , x A l, 97

Io , n 25 75

9 B5



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-BI805-4

j ji no n Probability Confidence
i- - t n "Uj Levels Level

/0 0 6 5 P% - f ____

1 I i4 z' I 1 lOO-SP%
2 4 l(I a JI1
3_ ___ 9 9 9 m -,. I k- K. J,69

T I6

1 ~ ~~ G Q)-,J G@,•'/
6 36 G 2 -

Totals: No- 34" N . O I N H

Special Parameters a Q. + H 2

(l n when N is even integer

6 2
Primary Statistics z0

I-N I

A i n 0 n -- when N is odd integer

in '• (-)From BF*, p. 19, at given P or X
H ( \F-A 2 ) 'N2

r, (<. 0 (I '.,)" • 'From F, for G & H versus S.

"-N N Use Graphs III & IV.

+fr-I. jhen 3 > .5, and Graph V
'[%e + for "o's;" - for *x's" [ T'hen < .5
"'Val d for M > 0 3 only, other.ise con- ---

sult 'Bruceton Report' (AkE
0 

Report No.
101 JR, "Statistical Analysis for A New Confidence interval (Y)
Procedure in Sensitivity Fxperimnts" 2 n2k2/2
July. 1Q44) File No Ma-I G

_ _ _~ k( n+1.2)(2 2k l/
For *o's' For "x'sl n

W~ -j M

w " Final Calculations
e.(•..•)(... C onf) =m+k p o + Y

Secondary Statistics log units

SN o m + N m =

N z e) Conf) m-k, a-Y

6 AN l = -og units

.--C• Antilog M - /W•9t.i-1 n"'1

JOATE//__ /3- /NITIALS PAGE NO.

B6



THE FRANKLIN INSTITUTE • Laboratories for Research and DeveLopment

Q-BISO5-4
B-4 BRU C ,TON T ;! T I,1K 2 kO D 0 5 , I- C _ _ _ __;C_ _

unconnFunctionin Levels (

I. Uw z 0
w Z 1

_ .,. I-• /#__ ___ I I2 ML /tW

_ - L"/- _L
- '443, 53

- - 14 - -,-/ - -- ,9

-. . . . . • ,- .- / 6

_ 7IZ___. -4 - ,,~ -J . . -,, - __, -_ ,I/

6.'X . 2 - 6 2

S. ... ..... . . - _./_ _" . . 0 -_ ;- . • ,

r - 1<66ý

o. - ..., ,, .,,.. - ,, 6,796 __ _ 1 -- -_ _ _ _ _ _ _ _ _

• .. . - •/ ,1,7' .r

1,4 0_ *K ,A fiY7D 62,2 
7 0

-• ' • -- ! * - .'/Z•5,. 2 L''' • :•• e_

AOL, -25 -1-776

- 1 -- Q -2 6_ /A 7_1377-64- 5 76

___ _ _____ ___ C-

2 - .-

C 29 /,79

0 6

B7'3 84

_A1_36 L'A 6

xI 9I.~7 88

42_ C) LL ý t 9_

43 97

-0 - &ý 97

B7-



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1805-4

Probability ' ConfidenceSo ° n . Levels Level0 0 .- B .J ..dLf \ =%~~Zi x-
11 1% IN f6X

2 4 x -3 9 m I 1 3 " • • " , g T 9 ! k p 0
p

4 16 ai a - o kx ,

d-7- j, C, GO 1 !

6 36 , 2

Totals: N.S61 N,+9.- N - H 9

Special Parameters n (D H 2

c = (log ;):. .

d (log )i.- (log .n O n when N is even integer
6 2

Prirmry Statistics N+l
A-in n -- when N is odd integer

F = i2n From BP*, p. 19, at given P or X

r + ,.A2)* N Urom -. for G & H versus S.
r "+* ___ Use Graphs I11 & IV.

01. # ! 1 + 0.02Q) '.-:hen 3 > .5, and Graph V

for for "xs -I ,Nh en Sý< .5
'Valid for M ) 0 3 only. othermise ron,

%ult 'rr,•i ion Report' (AkW Report No
101 IR "Statistical Analysis for A New I I Confidence interval (Y)

Pro.edure in Sensitivity Fxperiments* /G2  
+ Hk 2 1/2

July. 1Q44) File No Ma --I ntl2) +

A ior 'o's For *x's * , n n__ _ _ _ _ _
S- _ _, __< _ _ _ _ IL o ...

z Fina Cacultion
m -- _•.•5 -•' _•_ (±•) (j.• Conf) " mn~kpl + Y

. •.a •...• :•,/.j..;._/_ • ,/$ • •.log units
Secondary StatisticsCa Klcu

m N° m + N m, a". •" / "" ' b.;."'No+ 2 N, __,_ _ __- (._.) (2 Conf) = mr-lk - Y
_-2 p

N •. N, Ifi• 2 z-, ,4L 3€•g

SAntilog mnt

Seonar Stati. i stic,*s k*•.o

I-

DATE~~~~~ L4,/~,1 NTIL AG O



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

B-5 BHUCCTON TiL1$T 1.1K 2 I-,OD 0 ELZki.NT 30 LC Q-B1805-4

Functionina Level s L(evels"

I hi *
z 0-

' sec p._ _ 
es f

41 a -a z
- --. .. -zi'/ '- 2 , - , -1 '

v ,'• 4  'v ,• _•t I. .• ,9s

-4-,- ; .i ZLI .•t:• - /

I - : ; .. .. )Lf• 7 , /6 A:ri-- - - I -_ • ,

tt

A a.9 ___2

4 . . . . .... 7 Q C) 54.,___9
4y 1 44 5f, 1_

A -- ,i? L "&e t, 69 63

1 _ :, 9 1

AB
6x 16'7r'4

X e) 671

2L~ 75

9._ _ __ _/~2767

__ __ _ 
78

81ý

32_ - iK 7 V 82

_ _~.: I '

4 89

-X I

Ix- ! I z-- -I - 9_
B9Dg 4



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1SO5-4

2 1 Probability Confidence
i__ ___ n__ __Levels Level

0ll /6 1 ' 0

2 4_

___ 9 m 0 k___ *___

4 16 __ __ k_ X 2~/~~

5 25 'xd-___ 
__

6 ~36 -.. 3% G m e t

Totals: N -4 1) N.5-L__ ~N - • H® .

Special Parameters (2I9...I&... H2 =Z,7&•
c = 0 1op 'I) o ,,. i - --

d = (log )+' " (log H ) = n __ . n _ N when N is even integer2

Primary Statistics N+l

A=_in 0 n - "2 when N is odd integer

h= i 2 n (From BP*, p. 19, at given P or X

ru + (1 c. ±o 
BR* for G & H versus S.

1. f)2d (Y + 0,02Q) /Use Graphs III & TV.
.I When S > .5, and Graph V

°I s + for "o' for "' hen S < .5
"*Valid for M >, 0 3 only, otherwise con-

suit 'Bruceton Report' (A.%EP Report No. r-)

101 1W. "Statistical 1knalysis for A New •_I Confidence Interval (Y)

Procedure in Sensitivity Fxperiment" 2 2 1/2

-July. IQ44) File No. •la-I1 Y = k /nn1.4 n P)o

For 'o's" For "x'" X n

o u'

0u 
_j___ M.

_ D -. Final Calculations

m - - - Conf) , m;kpa + Y

Secondary Statistics 
_l u

m o o. x, =,z•. , -

Nm+Nm; 51

- o+ N - ,--~ ' L. 'i -- ( , "•_' Col) m-kpa- Y

N 0  + N ,ri' . .# 2 9IfbiOg unts

sA~ntilog m= S'','~ 10

DATE INITIALS JPAGE NO.

B1O



THE FRANKLIN INSTITUTE • Laboratoies for Research and Dewlopment

Q-B1805-4

DISTRIBUTION LIST

Commander Commanding Officer
U.S. Naval Weapons Laboratory U.S. Naval Ordnance Lab. (Code 561)
Dahlgren, Virginia Corona, California
Attn: Code WHR (5)
Attn: Code SS Commander

U.S. Naval Ordnance Test Station
ONR Resident Representative China Lake, California
University of Pennsylvania Attn: Code 556
3438 Walnut Street Attn: Code 4572
Philadelphia 4, Penna.
Attn: Mr. R.L. Keane Commanding Officer

U.S. Naval Air Development Center
Chief, Naval Operations (OP-411H) (Code EL 94)
Department of the Navy Johnsville, Penna.
Washington 25, D.C.

Officer-in-Charge
Chief, Bureau of Naval Weapons U.S. Naval Explosive Ordnance
Department of the Navy Disposal Technical Center
Washington 25, D.C. U.S. Naval Propellant Plant
Attn: Code C-132 Indian Head, Maryland
Attn: Code RAAV-3421
Attn: RM-15 Commanding Officer
Attn: RMMO-224 U.S. Naval Underwater Ordnance Sta.
Attn: RMMO-235 Newport, Rhode Island
Attn: RMMO-32
Attn: RMMO-33 Director
Attn: RMM0-4 U.S. Naval Research Lab. (Code 5410)
Attn: RK140-43 Washington 25, D.C. (2)
Attn: RMMO-44
Attn: RMMP-343 Commanding Officer
Attn: RREN-312 U.S. Naval Nuclear Ordnance
Attn: DIS-313 (4) Evaluation Unit (Code 40)

Kirtland Air Force Base
Chief, Bureau of Yards & Docks kIbuquerque, New Mexico
(Code D-200)
Department of the Navy Commandant of the Marine Corps
Washington 25, D.C. (Code A04C)

Washington 25, D.C.
Commander
U.S. Naval Ordnance Laboratory Commander
White Oak, Maryland Pacific Missile Range
Attn: Code ED P.O. Box 8
Attn: Code NO Point Mugu, California
Attn: Code LV Attn: Code 3260
Attn: Technical Library

a



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-BI805-4

DISTRIBUTION LIST (Cont.)

Commanding Officer and Director Commander
U.S. Navy Electronics Laboratory Pearl Harbor Naval Shipyard (Code 280)

San Diego 52, California Navy No. 128, Fleet Post Office
Attn: Library San Francisco, California

Commanding Officer Commander
U.S. Naval Ammunition Depot Portsmouth Naval Shipyard
(Code 34) Portsmouth, New Hampshire
Crane, Indiana

Department of the Army
Commanding Officer Office Chief of Ordnance
U.S. Naval Ordnance Plant Washington 25, D.C.
Macon, Georgia Attn: ORDGU-SA
Attn: Code PD 270 Attn: ORDTN

Attn: ORDTB (Research & Special Proj.)
Commander Naval Air Force

U.S. Atlantic Fleet (CNAL 724B) Office Chief Signal Officer
U.S. Naval Air Station Research and Development Division
Norfolk 11, Virginia Washington 25, D.C.

Attn: SIGGRD-8
Commander Training Command
U.S. Pacific Fleet Commanding Officer
c/o U.S. Fleet Anti-Submarine Diamond Ordnance Fuze Labs.
Warfare School Washington 25, D.C.

San Diego 47, California Attn: Mr. T.B. Godfrey

Commanding General U.S.'Army Nuclear Weapon Coordination
Headquarters, Fleet Marine Group
Force, Pacific Fort Belvoir, Virginia

c/o Fleet Post Office
San Francisco, California Director
Attn: Force Communications U.S. Army Engineer R&D Labs.

Electronic Officer Fort Belvoir, Virginia
Attn: Chief, Basic Research Group

Commander in Chief
U.S. Pacific Fleet (Code 4) Commanding Officer
c/o Fleet Post Office Picatinny Arsenal
San Francisco, California Dover, New Jersey

Attn: Artillery Ammunition &
Commander Seventh Fleet Rocket Development Lab. -
c/o Fleet Post Office Mr. S.M. Adelman
San Francisco, California

Commanding General
Commander Headquarters 2DRAAADCOM
New York Naval Shipyard Fort George G. Meade, Maryland
Weapons Division, Code 290 Attn: Radar Officer
Naval Base
Brooklyn 1, New York

b



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-BI805-4

DISTRIBUTION LIST (Cont.)

Commanding Officer Headquarters
U.S. Army Signal R&D Laboratory Air R&D Command
Fort Monmouth, New Jersey Andrews Air Force Base
Attn: SIGEM/EL-GF Washington 25, D.C.

Attn: RDMMS-3
Commander
U.S. Army Ordnance Commander
Frankford Arsenal Air Force Missile Test Center
Philadelphia 37, Pa. (Code MTRCF)

Patrick Air Force Base, FloridaCommander

U.S. Army Rocket and Guided Missile Director Nuclear Safety Research
Agency Kirtland AFB, New Mexico
Redstone Arsenal, Alabama Attn: AFCNS
Attn: ORDXR-R (Plans)

Headquarters
Commanding Officer Ogden Air Materiel Area (Code OOYSS)
Office of Ordnance Research, Hill Air Force Base
U.S. Army Ogden, Utah
Box CM, Duke Station
Durham, North Carolina Commander
Attn: Internal Research Division Air Force Missile Development Center

Holloman Air Force Base
Commanding General Alamagordo, New Mexico
White Sands Missile Range Attn: MDGB
New Mexico
Attn: ORDBS-G3 Commander

Air Force Special Weapons Center
Commanding Officer Kirtland Air Force Base
White Sands Missile Range, Albuquerque, New Mexico
New Mexico Attn: SWVSA
U.S.A. SMSA
Attn: SIGWS-AJ Directorate of Missile Safety Research

Deputy IG for Safety
Commanding General Norton Air Force Base, California
U.S. Army Electronic Proving Ground
Ft. Huachuca, Arizona Commanding General
Attn: Technical Library Air Fleet Marine Force, Pacific

MCAS, El Toro
Director of Office of Special Santa Ana, CaliforniaWeapons Developments
U.S. Continental Army Command Strategic Air Command
Fort Bliss, Texas Offutt Air Force Base, Nebraska
Attn: Capt. Chester I. Peterson Attn: DOSDM

TS Control Officer

C



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1805-4

DISTRIBUTION LIST (Cont.)

Commander Atlas Powder Company
Headquarters Ground Electronics Reynolds Ordnance Section
Engineering Installation Agency P.O. Box 271

(Code ROZMWT) Tamaqua, Penna.
Griffiss Air Force Base Attn: Mr. R. McGirr
Rome, New York

Bermite Powder Company
Armed Services Explosives Safety 22116 West Soledad Canyon Road

Board Saugus, California
Department of Defense Attn: Mr. L. LoFiego
Room 2075, Bldg. T-7, Gravelly Pt.
Washington 25, D.C. Aerojet-General Corporation

P.O. Box 296
Headquarters Azusa, California
Armed Services Tech. Info. Agency Attn: Myra T. Grenier,
Arlington Hall Station Librarian
Arlington 12, Virginia
Attn: TIPCR (10) Grumman Aircraft Engineering Corp.

Weapons Systems Department
Commander Bethpage, Long Island, New York
Field Command Attn: Mr. E. J. Bonan
Defense Atomic Support Agency
Albuquerque, New Mexico Jansky and Bailey, Inc.
Attn: FCDR3 1339 Wisconsin Avenue, N.W.

Washington, D.C.
U.S. Atomic Energy Commission Attn: Mr. F.T. Mitchell, Jr.
Division of Military Application (Contract N178-7604)
Washington 25, D.C.

Lockheed Aircraft Corporation
American Machine and Foundry Co. P.O. Box 504
Alexandria Division Sunnyvale, California
1025 North Royal Street Attn: Missile Sections Div.,
Alexandria, Virginia Dept. 62-60, Mr. I.B. Gluckman
Attn: Dr. L.F. Dytrt Attn: Missile and Space Div.,

(Contract AF-29(601)-2769) Dept. 81-62, Mr. E.W. Tice
Attn: Missiles and Space Div.,

Dept. 81-71, Mr. R.A. Fuhrman

d



THE FRANKLIN INSTITUTE • Laboratories for Research and Development

Q-B1805-4

DISTRIBUTION LIST (Cont.)

McCormick Selph Associates U.S. Flare Div. Atlantic Research Corp.
Hollister, California 19701 W. Goodvale Road
Attn: Technical Librarian Saugus, California

Attn: Mr. Norman C. Eckert, Head
Midwest Rebearch Institute R&D Group
425 Volker Boulevard
Kansas City, Missouri Vitro Laboratories
Attn: Security Officer 14000 Georgia Ave.

Silver Spring, Maryland
Mr. C.M. Fisher Attn: Miss C.M. Jaques, Librarian
RCA Service Company
Systems Engineering Facility Welex Electronics Corporation
Government Service Dept. Solar Building, Suite 201
838 N. Henry Street 16th and K Streets, N.W.
Alexandria Virginia Washington 5, D.C.

Redel, Incorporated North American Aviation, Inc.
2300 E. Katella Ave. Communication Services
Anaheim, California 4300 E. 5th Ave.
Attn: Library Columbus 16, Ohio

Sandia Corporation The Franklin Institute
Division 1262 20th Street and Benjamin Franklin Pkway
Albuquerque, New Mexico Philadelphia 3, Penna.
VIA: FCDASA Attn: Mr. E. E. Hannum, Manager

Applied Physics Laboratory
University of Denver
Denver Research Institute
Denver 10, Colorado
Attn: Mr. R.Bo Feagin


